Abstract: Addition of chiral allylsilane 4 to chiral N-Boc-a-Amino aldehydes in the presence of SnCl 4 in CH 2 Cl 2 at -78°C affords 1,2-syn homoallylic alcohols, potential intermediates for the synthesis of hydroxyethylene peptide isosteres. The diastereoselectivity depends on the aldehyde absolute configuration, with (R)-a-aminoaldehydes (matched case/anti-Felkin addition) exhibiting higher stereoselectivity than its enantiomer (mismatched case/Felkin addition).
The rapid spread of the acquired immunodeficiency syndrome (AIDS) epidemic has stimulated a world-wide search for therapeutic agents to stop the replication of the causative virus, human immunodeficiency virus (HIV). 1 The strategies developed for designing inhibitors of aspartyl protease involve the incorporation of a dipeptide isostere that resembles the tetrahedral intermediate for peptide bond hydrolysis.
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The hydroxy amino acid framework B in Scheme 1, where the peptidic linkage of the sequence is replaced by a CH(OH)CH 2 group, resulted as the core unit of potent inhibitors of HIV-1 protease.
Scheme 1
A synthetic methodology which allows compounds with programmed variations of substituents to be synthesized is particularly important in the screening of the pharmacological activity and in a study of structure-activity relationships directed toward the design of the best substituents for position 4 (R 1 group). The present methodology is useful for the preparation of molecules of type C carrying chiral substituent (R 1 group) in position 4 and consists in the first step in the preparation of molecules of type B.
We recently communicated that chiral allylsilane 4 react with chiral a-methyl-substituted aldehydes to give 1,4-syn homoallylic alcohols with good diastereoselectivities. 4 These results demonstrated a preference of chiral allylsilane 4 for aldehyde re face attack. Following our interest in allylsilane chemistry, we found that N-Boc-a-amino aldehydes, 5 derived from a-aminoacids, react with allylsilane 4 in the presence of SnCl 4 to give 1,4-syn N-Boc-aaminoalcohols that are key intermediates (molecules of type C) for the preparation of hydroxyethylene dipeptide isosteres.
In order to first confirm the facial selectivities of the (R)-N-Boc-a-amino aldehydes 1, we reacted them with commercial allyltrimethylsilane (distilled immediately prior to use) in the presence of SnCl 4 under 4 different conditions (Scheme 2).
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Scheme 2
A. Aldehyde and SnCl 4 were mixed for 5 min before the addition of allylsilane; B. Allylsilane and SnCl 4 were mixed for 1h before the addition of a solution of the aldehyde; C. SnCl 4 was added to a mixture of allylsilane and aldehyde in CH 2 Cl 2 at -78°C; D. Allylsilane and SnCl 4 were mixed for 1h at -78°C before the addition of a solution of the aldehyde pre-mixed with SnCl 4 at -78°C. 2, 3 The results are shown in Table 1 . In all cases, the major product results from a chelation controlled reaction that mainly gives the 1,2-syn isomer, showing that the (R)-aaminoaldehydes 1 have a preference for anti-Felkin addition (Re face attack).
7 Increased steric bulk of the R group gives better diastereoselection. This type of allylsilane addition (including allyltrimethylsilane) to a-amino aldehydes in the presence of SnCl 4 and other Lewis acids has been reported by several groups with no reference to partial racemization of these aldehydes. 2, 3 Our results are totally consistent with these previously published works. 2, 3 Under these 4 conditions chiral allylsilane 4 reacted with (R)-a-amino aldehydes 1 to give a mixture of 1,2-syn and 1,2-anti-diastereomers with useful diastereoselectivities, favoring the 1,2-syn-isomer with anti-Felkin addition and aldehyde Re face attack (Scheme 3). Results of reactions of 4 with (R)-aldehydes 1 are summarized in Table 2 . As we know from a previous work that the chiral allylsilane 4 has a preference for Re face approach, this is an example of a matched reaction.
4,10 It should be noted that this reaction affords a very important subunit with a double bond and a benzyl protected primary alcohol that can be further manipulated. Under the same conditions described above, chiral allylsilane 4 reacted with the enantiomers of aldehydes 1 to give a mixture of 1,2-syn and 1,2-anti products with essentially no selectivity (Scheme 4 and Table 3 ).
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Scheme 4 
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Scheme 5
The stereoselectivity of the tin(IV) chloride promoted reactions of allylsilanes with aldehydes is consistent with a mechanism involving transmetalation of the allylsilanes to give an intermediate allyltin trichloride which is stabilized by tin-oxygen interaction, and which then reacts with the aldehyde via a chair-like six membered ring transition state in which the aldehyde approaches the complex from the side opposite to the methyl group (TS-1 and TS-2, Scheme 6) 4c . It is important to point out that this methyl group occupies a pseudo-axial position in the intermediate allylstannane in order to make this tridentate arrangement possible. 13 The preference of the alkyl group of the aldehyde to adopt an equatorial position, with the oxygen of the Boc group complexed to tin, controls the aldehyde facial selectivity, resulting in the favored 1,2-syn stereochemistry in the adduct (TS-2).
In the mismatched reaction, TS-3 (Felkin addition) is disfavored because of a steric interaction between the pseudo-axial R group in the aldehyde and the hydrogen as showed. To avoid this destabilizing interaction, the aldehyde (Felkin addition) must approach the allylsilane from the same side of the methyl group in the allylstannane intermediate, which is also destabilizing. These two interactions are apparently sufficient to destabilize both The ratios were determined by 1 H and 13 C NMR spectroscopic analysis of the purified product mixture. The 1,4-syn and antiproducts could not be separated and were characterized as mixtures; c Averages of at least three runs with ratios +/-3%.
d
Combined yields of products isolated chromatographically (SiO 2 ), after 2 steps (reduction to the aldehyde and coupling with allylsilane).
transition states involving (S)-aldehydes and chiral allylsilane 4 and is a possible explanation why the addition to the (S)-aldehyde affords low levels of diastereoselection.
We reported herein a simple and stereoselective method for synthesizing precursors of hydroxyethylene isosteres, based on the addition of a chiral allylsilane to chiral NBoc-a-amino aldehydes in the presence of tin tetrachloride.
14 Products 5-8 resulted as versatile intermediates for the introduction of different functional groups in intermediates aiming to the synthesis of hydroxyethylene isosteres. The examples shown that the levels of p-facial selection are dependent on the absolute stereochemistry of the N-Boc-a-amino aldehydes and that the stereocenter in chiral allylsilane 4 is not the only responsible for the observed diastereoselection. We believe that this chemistry is truly significant in the context of acyclic diastereoselection and will prove to be exceptionally useful in the synthesis of more complex hydroxyethylene isosteres. Further exploration of these reagents and their applications is now underway in our laboratory. 1 H-and 13 C NMR spectra for all the corresponding products with signals for only 2 products formed from the chiral allylsilane additions. It should be mentioned that the absolute stereochemical identity of the minor isomer 1,2-anti 6 has not been proved, nor has the possibility of aldehyde racemization during the premixing stage with SnCl 4 . For a review about optically active Nprotected a-amino aldehydes in organic synthesis, see: Jurczak, J.; Golebiowski, A. Chem. Rev. 1989, 89, 149; (b) Based on the fact that reactions of chiral allylsilanes are more diastereoselective than those of simple allyltrimethylsilane, the possibility exists that the minor isomer in the chiral allylsilane additions derives from aldehyde racemization. For a related paper, see: Panek, J. S.; Liu, P. 
